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TO THE LOAD CARRYING CAPACITY OF COLD-FORMED PURL INS 
By Joachim Lindner 1) 
1. INTRODUCTION 
Purlins mainly are subjected to transverse loading perpendicular to the 
roof plan. In C-, Z- or I:-sections the shear centre is situated outside 
the section or the principle axis' are not perpendiCUlar to the roof plan. 
Therefore torsional moments are occuring causing additional warping 
stesses. 
On the other hand the roofing is stabilizing the purlins. Especially for 
corrugated sheeting attached to the beams top flange the lateral stiff-
ness in the roof plan leads to the fact that the centre of rotation is 
situated in the roofing plan. Furthermore corrugated sheeting causes a 
torsional restraint expressed by the torsional restraint coefficient c~. 
The torsional moments are carried mainly by these torsional restraint. 
Nevertheless the purlins are affected also by a small portion of the tor-
sional moments and this causes warping stresses. 
Here is investigated whether the unfavourable effect of the warping 
stesses is compensated by the favourable effects of the lateral stiffness 
and the torsional restraint caused by the corrugated sheeting. 
2. TORSIONAL RESTRAINT COEFFICIENT 
The elastic distortion of the purlin, resulting from torsional loading, 
consists mainly of the cross sectional deformation of the purlin itself 
and a local deformation of the connection. Furthermore a bending deflec-
tion of the corrugated sheeting in direction of its span occurs but this 
influence is small compared to the other two and can therefore be neg-
legted. 
A mathematical model for the determination of the rigidity of the con-
nection was given by Lindner/Gregull (1986) [1]. The rigidity can be 
assumed as a system of multiple, interacting torsional SPrings, fig. 1, 
eq. (1) . 
Fig. 1: Spring model 
where 
(1 ) 
cross section deformation of the purlin 
torsional restraint coefficient 
rigidity of Connection between purlin and 
corrugated sheeting 
The cross section deformation c~P is calculated 
due to the moment distribution of fig. 2. This 
leads to eq.(2a) and (2b). 
1) o.Prof.Dr.-Ing., Technical University Berlin, Germany 
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gravity load c,\1P 
uplift load 
E·t 3 /(4d +8b) 
E·t 3 /(4d +2b) 
(Za) 
(2b) 
The rigidity of connection c~A depends on the constructional details, see 
[I]. Main factors are sheet-thickness, deformation of the sheet local to 
the fixing point, location and distance of the fasteners. These factors 
can be taken into account at the time being by tests only. Numerical re-
sults are given by Lindner [Z], see fig. 3. These values are valid for a 
T 
aJ "C bJ 
1_-- ---. 
1/d lId 
Fig. 2: Moment distribution for 
the calculation of cross 
section deformation 
a) gravity load 





flange width of 100 mm. In other 
cases eq.(3) must be used 
- b 2 b 
c,,9-A = c,8-A· (100) for 1002. 1,25 (3) 
The calculation of the torsional 
restraint coefficient is shown for a 








2,6 (100) 1,27 kNm/m 
21.2 3 /(4.240+2.70) 1,68 kNm/m 
I 
= 1,27 
I 0,72 kNm/m +-- c:;t 1,68 
3. EFFECTIVE CROSS SECTIONS 
Thinwalled elements in com-
pression are prone to local 
buckling. The effect of lo-
cal buckling when conside-
ring load bearing capacity 
and stiffness is taken into 
account by using effective 
width as the basis of cal-
culation. 
Formulae for the effective 
Fig. 3: Rigidity of connection ~~A [kNm/m] width bef of stiffened and 
unstiffened elements and 
elements with edge stiffeners are used from the german DASt-Richtlinie 
016 [3] where the rules are very close to the European Recommendations 
[4] and the AISI rules [7]. 
4. DESIGN PROPOSAL 
In an approximate solution the stess caused by bending moments about the 
y-axis (parallel to the roofing) under factored loads qz is taken into 
consideration only. fig. 4. This stress should not exceed the yield stress 
Fy . The load qz belonging to this state is called qn. 
If this approximate solution is used it must be checked in addition, 
whether lateral torsional buckling can occur or not. This is possible if 
compression stesses in the bottom flange are on hand. 
The ultimate load qu is calculated from eq.(4) 
(4) 
where 
a moment distribution factor 
= 8 for single span beam 
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~ reduction factor for lateral torsional buckling 
kd factor to take into account torsional effects. 
The factor kd is determined by eq.(6). 
k=a-al! d J 2 d .:::. J,O 




- J~ J-'Y 
The reduction factor KM for lateral tor-
sional buckling of the thinwalled cross 
sections shall take into account the 
effects of local buckling and overall 
buckling. The procedure follows in 
principle the procedure for compact 
sections. An equivalent slenderness 
XMef is determined from eq.(7). 
\ + Z z ~ef = i~ef \ modified slender- (7) -~ef ness 
actual system model 
Fig. 4: Z-purlin with upper 
flange braced by 
corrugated sheeting 
The reduction factor shall then be de-
termined as follows: 
(I )0,4 
J + ,5 
"Mef 
The parameters for eq.(7) are determined as follows 
~ef 
Z 'F yef y yield moment of the effective cross section 
where the following effects are considered: 
- overall lateral buckling by ~ 
- local plate buckling by ~,2 
- overall and local buckling by ~ef 
(8) 
(9) 
For the determination of the overall lateral torsional buckling moment ME 
the torsional restraint coefficient can be taken into account by eq. 
(J 0) and (J 1) 
ME = ~ IG.I*.E·I L z (10) 
c 'L 2 1* = I + _1f __ (II) 
n2 'G 
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In eq.(IO), (II) the cross section properties of the cross section must 
be related to the principal 
system 
s--z:,. 
.f-- L ----,( 
15. li h }-L.....,f- L--,I-
IS :zs: is h 
,f-- L + L ----./'-L -k 
is. 2S: 2S: :zs: ~ 








For simplification the 
lateral buckling coeffici-
ent k can be taken from 
fig. 5. 
5. COMPARISONS 
The simplified design pro-
posal from chapter 4 was 
compared \.,ith a more exact 
solution described here. 
With regard to the type of 
cross section investigated 
here and the effect of 
effective width, the shear 
centre of the effective 
Fig. 5: Lateral buckling coefficient k cross section is situated 
outside the section and the 
principal axis are not perpendicular to the roof plan. Therefore biaxial 
bending and torsion must be taken into account using second order theory. 
Here a solution is used which is based on the potential energy. Numerical 
results are calculated by an computer program [5]. 
,f----b ------f 
T I 
Fig. 6: Stresses at the 
tension flange 
Two special criteria are used to define the 
limit state. At the tension flange full plastic 
capacity is assumed following the proposal of 
Unger [6], see fig. 6, which leads to eq.(12). 
F*2 + 1. F* 0 F 
N 3 M Y < 
(12) 
where 
constant stress portion (\3) 
bending stress portion (14) 
The stress FI' F2 are calculated for the entire cross section. 
At the compression flange warping stresses are also present. With regard 
to the entire cross section these warping stresses are a kind of residual 
stresses without external bending moment or axial force. If the yield 
stress is exceeded the warping stresses can be reduced by plastic strains 
without leasing equilibrium. This is taken into account by accepting a 
maximum compression stress of 1,05 o Fy including warping stresses. 
The load qz which fullfils these two limit states is called qw' 
In total more than 500 calculations using second order theory were carried 
out and in addition more than 700 calculations to find the lateral tor-
sional buckling load. The following parameters were used: 
cross section: 
depth d 
Z-, C-, L-sections 






60; 70 rom 
1,5; 2; 3 rom 
320 N/rom2 
torsional restraint coefficient: 
loading 
single span purlin, continuous purlin 
c~ = C,33 to 2,01 kNm/m 
uniformly distributed load rectangular 
to the roofing due to fig. 4. 
1,1 
1,0 
T= 1,5 mm 
---- T = 2,0 mm 
•.•........ T= 3,Omm 
d= 120 mm 
[!] d= 180mm 
+ d=240mm 
Fig. 7: Comparison between approximate solution 
and second order theory results 
Some results can be 
seen in fig. 7. The full 
set of results are avai-
lable in [8]. Using the 
results of the compari-
son the limitations of 
table 2 must be ful-
filled. 
6. EXAMPLE 
The load carrying ca-
pacity of a single 
span Z-purlin with a 
beam length of 4 m is 
determined. The upper 
flange of the purl in 
is lateral supported 
by corrugated sheet-
ing which is fixed by 
self tapping screws in 
every trough. (See 




t 2 rom A 
ef 7,36 
F 320 N/mm2 Z yef 52,2 y 
bit 35 I 
zef 78,4 
cit 10 J 
ef 0,098 
I 38,5 cm~ 
z 
I 777 em~ y 
J 0,112 cm 4 
Q!~ygLl£!!~ : 
Lateral torsional buckling is not possible. 

















The torsional restraint coefficient was calculated in chapter 2 
c~ 0,72 kNm/m 
J* 1,553 cm" 
Using the lateral torsional buckling coefficient k 10,3 from fig. 5 
M = 10,3 1810001 553021000038 5 010-4 = 26,0 kNm 
-"E 4, ' , 
The web is in this case decisive for local buckling: 
~,~ 23,9 018980 0(2/240)2 07 ,77/11,6 21, I kNm 
~ef 26 oj 1 \ 
, 1+(26/21,1)2 
16,4 kNm 
Myef 32 052,2 010 
-2 16,7 kNm 
:\Mef 116,7/16,4 1,01 
KM (1+(1+1,01 5 »0,4 0,751 
From table I: a l = 1,3 a: 2 0 , kd 1,3 
qu 8,35 00,751/1,3 4,82 kN/m 
7. CONCLUSION 
The direct consideration of warping stresses caused by torsional moments 
can be neglected in the design of purl ins if corrugated sheeting is 
attached to the purlins top flange. 
In a simplified design procedure the load carrying capacity is based on 
the bending capacity with respect to the y-axis parallel to the roof plan. 
Additionally two factors kd and KM must be taken into account. The first 
factor kd considers the effect of the unrestrained compression flange 
and the effect of the warping stresses. The second factor takes into 
account the lateral torsional buckling of the beam which may occur espe-
cially for uplift load. 
The limitations of Table 2 must be observed. 
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Table 1: Factors ql and q2 for eq. (6) 






I I I t 
£ A 
.11111. 
continuous A L A L 2S.~ 
pur 1 in .j<-- ---,f- ----k 
Itllill 
£ 2S. AI 
Z-sections 









a 1 a 2 a 1 a 2 
1,1 0,002 1,1 0,002 
3,5 0,050 1,9 0,020 
1,6 0,020 1,6 0,020 
2,7 0,040 1,0 
° 
Table 2: Limitations for the use of the approximate design procedure 
Pfetten t bit d/t d/b cit b/c L/d 
Typ [nnnl 
rc~ 
""0 y 2:.1,5 ,::,46,7 <160 ,::,3,43 ,::,13,3 ,::,4,0 >15 
~ Z - -
z~~Y 2:.1,5 ,::,53,3 <160 ,::,3,0 ,::,16,7 ,::,4,0 >15 - -
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I z ' I y 
torsion section constant 
ideal torsion section constant 
warping stress 
yield stress 
modidied slenderness for lateral torsional buckling of the 
effective cross section 
reduction factor for lateral torsional buckling 
lateral buckling parameter 
elastic section modules for the effective cross section with 
regard to the axis y parallel to the roofing 
youngs modulus of elasticity 
shear mudulus of elasticity 
elastic lateral torsional buckling moment (overall buckling) 
elastic plate buckling moment (local buckling) 
lateral torsional buckling moment taking into account local 
and overall buckling 
second moments of inertia 
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